Background: The impact of blood pressure (BP) during adolescence on other cardiovascular risk factors in young adults is important for the primary prevention.
Introduction
Despite all the knowledge accumulated on the pathophysiology of atherosclerosis and the therapeutic advances on cardiovascular diseases (CVD), mortality and morbidity rates related to these diseases remain high 1 . Early detection of individuals at a high risk and the implementation of prevention strategies are crucial to reduce them, and all efforts should be made to prevent the first cardiovascular event, which can be fatal and disabling, in addition to represent a high medical and social burden.
Understanding the behavior of the cardiovascular risk factors (RF) throughout the years is of the utmost importance, since they facilitate the development of changes in the cardiovascular system 2 . Several studies, such as that of the Following the same line, studies on insulin, leptin and adiponectin have permitted a greater understanding of the impact of metabolic variables on the cardiovascular system and of the mechanisms involved in insulin resistance [5] [6] [7] .
In this context, the objective of the present study was to evaluate BP, anthropometric indexes and metabolic and inflammatory profiles of young individuals stratified by their BP behavior recorded for 18 years in their adolescence.
Methods
This study population is from the Rio de Janeiro Study (RJS) [8] [9] [10] [11] [12] [13] [14] , and is part of a line of research on BP and other cardiovascular RF in young individuals and their families, that has been developed in the University of the State of Rio de Janeiro since 1983. It was divided into two stages: in the first stage, children between 6 and 9 years of age, n = 3109 (1983) (1984) (1985) (1986) ) were evaluated; in the second stage, adolescents between 10 and 15 years of age, n = 3906 (1987 -1989) , called target-students, were evaluated, and normality curves of systolic (SBP) and diastolic blood pressure (DBP) were obtained for each gender and age. In the second stage of the study, and equal number of target-students with BP ≥ 95th percentile (group with abnormal BP) and BP ≤ 50th percentile (group with normal BP) were randomly selected, and several cross-sectional assessments were made at different moments throughout the 18-year follow-up, called Domiciliary, Hospital, Family and Outpatient Phases (Figure 1 ).
For the present study, inserted in the Outpatient Phase of the RJS, 385 individuals assessed in the Family Phase (1996) (1997) (1998) (1999) as target-population were assessed. Figure 2 shows the final composition of the study sample and the reasons for the losses to follow-up of part of the population.
Data from 116 target-students (63 males and 53 females) were assessed at two moments with a mean follow-up of 17.76 ± 1.63 years, namely at: A1 (School Phase): at 12.40 ± 1.49 years, and A2 (Outpatient Phase): at 30.09 ± 2.01 years.
Figure 1 -The Rio de Janeiro study design [9] [10] [11] [12] [13] [14] [15] Longitudinal assessment -17.76 ± 1.63 anos Two groups were formed according to their BP behavior at A1: group of normal individuals (GN) with normal BP at A1 (n = 71), and group of hypertensive individuals (GH), of those with abnormal BP at A1 (n = 45).
In both assessments, a questionnaire was administered for the analysis of clinical, epidemiological and socio-cultural variables. BP, weight (W), and height (H) were measured, and the body mass index (BMI) was calculated.
At A2, the abdominal circumference (AC) was measured, and, after a 12-hour fasting, the following parameters were determined: blood glucose; total cholesterol (T Col); highdensity lipoprotein (HDL-c); triglycerides (TGL), with calculation of low-density lipoprotein (LDL-c) when TGL < 400mg/dL; apolipoprotein B100 (Apo B100), and A1 (Apo A1); lipoprotein a [LP (a)]; insulin (ins); leptin; adiponectin; high-sensitivity C reactive protein (hs-CRP); E-selectin; vascular cell adhesion molecule 1 (VCAM-1); intercellular adhesion molecule receptor 1 (ICAM-1); and fibrinogen. The insulin resistance index was determined using the homeostasis model assessment for insulin resistance (HOMA-IR), considering insulin and fasting blood glucose.
High blood pressure (HBP) at A1 was defined when BP was ≥ 95th percentile for gender and age, and at A2, when BP ≥ 140 and/or 90 mmHg 1, 15 . The presence of overweight/ obesity (OW/O) was defined when BMI was ≥ 85th percentile for gender and age at A1; at A2, normal weight was defined when BMI values were < 25 kg/m . Increased values for abdominal circumference (AC) were defined as those > 102 cm for men and > 88 cm for women 1, 15 . For metabolic variables, blood glucose levels < 100 mg/dL were considered normal; fasting blood glucose values between 100 mg/dL and 126 mg/dL were considered abnormal; and blood glucose ≥ 126 mg/dL were considered diabetes mellitus 16 . Normal values for lipid profile Quantitative analyses of insulin, leptin, E-selectin, VCAM-1, ICAM-1, and fibrinogen were made using the Luminex method, in a BioSystems A25 automated analyzer, with the Milliplex kit. Reference values (least detectable concentration) for each marker are: insulin 44.5 pg/mL; leptin 157.2 pg/mL; E-selectin 0.079 ng/mL; VCAM-1 0.016 ng/mL; ICAM-1 0.009 ng/mL, and fibrinogen 0.001 ng/mL. Serum adiponectin was determined using the ELISA method. Its reference value (least detectable concentration) is 0.78 ng/mL. HOMA-IR was calculated using the equation proposed by Mathews in 1995: HOMA-IR = Fasting insulin (μU/mL) X fasting glucose (mmol/L) / 22.5 20 .
Apo B100 and Apo A1 determinations were made using the turbidimetric and immunological method, and the reference values for Apo A1 were: for men: 110 -170 mg/dL; for women: 120 -190 mg/dL. For Apo B100: for men: 80 -155 mg/dL; for women: 75 -150 mg/dL. LP (a) was determined using the immunoturbidimetric method with labeled particles, considering the reference value < 30 mg/dL. These determinations were made in a BioSystems A25 automated analyzer, using the BioSys kit.
Determination of hs-CRP was made using the turbidimetric / high-sensitivity latex method, in a BioSystems A25 automated analyzer, with the BioSys kit. The reference values were those recommended in the literature (hs-CRP > 3mg/L) 17 . This study was approved by the HUPE Research Ethics Committee (2130 CEP-HUPE). All participants gave written informed consent.
The information collected was stored in a single data basis using the Microsoft Access software program. Data were analyzed using the SPSS for Windows statistical program, version 8.0.0, Copyright SPSS Inc. 1989-1997.
The following statistical tests were used:
• Student's t test (t): for comparisons of two data series.
• Chi-square test (χ2): for comparison of frequency distributions of categorical variables of independent samples.
• Pearson's bivariate correlation (r): to analyze the correlation between continuous variables.
In all analyses, the significance level was set at 5%, admitting a probability "p" ≤ 0.05 to reject the null hypothesis.
Results
The overall characteristics of the 116 target-students analyzed and of the two groups formed based on their BP behavior obtained approximately 18 years earlier (GN = Normal; GH = Hypertensive) are shown in Table 1 . Table 1 shows the mean systolic (SBP) and diastolic blood pressures (DBP) at the two assessment moments A1 and A2 in the total population and in the groups normal and hypertensive. Comparing the BP behavior between GN and GH, we can observe that the mean SBP and DBP were higher in GH than in GN, with statistically significant differences at A1 and A2. GH showed a higher prevalence of HBP at A2 (p < 0.02) ( Figure 3 ). The prevalence of HBP was higher in GH ( Figure 3 ).
Anthropometric variables are shown in Table 1 .
Higher mean weight and BMI were observed in GH, with significant differences at A1 and A2. The same behavior was observed for mean AC obtained at A2. The prevalences of OW/O and increased AC were higher in GH (Figure 3 ). GH showed higher mean insulin, HOMA-IR (p < 0.001), leptin (p < 0.02), Apo B100 (p < 0.02) and Apo B100/Apo A1 ratio (p < 0.01) than GN at A2. No difference between the two groups was observed for the other lipid variables, adhesion molecules, and inflammatory variables (Tables 2 and 3) .
The aggregation of RFs demonstrated by the presence of MS at A2 was more prevalent in GH, albeit without statistical significance (28.9% vs. 12.7%; p = 0.05). Bivariate correlations of SBP and DBP with the risk variables at A2 are shown in Table 4 . Positive and significant correlations were observed between SBP and DBP at A1 and the following variables at A2: SBP, DBP, BMI, leptin, insulin, and HOMA-IR.
Discussion
There are increasingly more evidences that BP in childhood is an important RF for further development of HBP and CAD 21 . BP values observed in childhood tend to remain in the same percentile range throughout time, a phenomenon known as tracking, with BP repetition coefficients throughout childhood between 37% and 48% 21 .
In the present study, both the mean BP at A2 and the prevalence of HBP were higher in GH in comparison to GN. In addition, a positive and significant correlation of BP at A1 with BP at A2 was observed, thus suggesting that children and adolescents show a sustained BP behavior pattern throughout time.
We should point out that the original design of the RJS was characterized by the follow-up of two groups of young individuals with distinct BP behavior in the school phase: with BP ≥ 95th percentile and with BP ≤ 50th percentile. Thus, in subsequent study phases, prevalence rates of HBP higher than those observed in the general population in this young age range are expected.
Body composition is one of the main determinants of BP in children 22 . In the Muscatine study 23 , the authors demonstrated that more than half of the hypertensive children were also obese. In our country, several publications, especially those of the RJS cohort, had already suggested the importance of body composition in the determinism of BP in children and adolescents [8] [9] [10] [11] [12] [13] [14] 24, 25 .
In the present study, we observed higher mean weight and BMI in GH at the two assessment moments, higher prevalence of OW/O at A2, and positive and significant correlations of SBP and DBP at A1 with BMI at A2, thus also demonstrating an association between body composition and BP in this population.
An important aspect is to know the pattern of body fat distribution and its relation to RF 26, 27 . Two classic international studies, the Bogalusa Heart Study 26 and the CARDIA study 27 , reinforced the knowledge that central obesity as verified by an abnormal AC represents an important marker of coronary atherosclerosis in young populations. In Brazil, studies
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Adipocytes have the ability to secrete substances with important biological effects. Larger amounts of leptin are produced with the increase in fat tissue. Conversely, the production of adiponectin is reduced with the increase in fat mass, and its action it to increase insulin sensitivity 28 .
Among the adipokines, adiponectin and leptin are the two most important insulin-sensitizer hormones produced by the adipocytes. The role of each of them in the regulation of insulin sensitivity remains obscure 28 . Adiponectin is an important adipokine that modulates insulin resistance, with antiinflammatory and antiatherogenic properties. Low adiponectin concentrations are associated with the presence of cardiovascular RF 6 . At first, leptin was exclusively associated with obesity, but advances in the investigations have shown other possible associations with cardiovascular risk factors, such as inflammatory markers and even HBP 6 . Langenberg et al 29 suggested that the development of CVD and MS, in the presence of visceral obesity, could be a consequence of adipocytes dysfunction and subsequent change in the levels or expression of leptin and adiponectin receptors.
Corroborating the literature 2, [8] [9] [10] [11] [12] [13] [14] 29 , the present cohort showed higher prevalence of mean insulin and insulin resistance as assessed by HOMA-IR in early adulthood in GH individuals, thus reflecting a more unfavorable metabolic profile in this population. This group also had higher serum leptin levels in comparison to GN and lower mean adiponectin than GN, although the latter without a statistically significant difference. We point out the positive and significant correlations of SBP and DBP at A1 with insulin, HOMA-IR and leptin at A2, corroborating the findings described.
In Brazilian surveys with young populations, varying prevalences of the different lipid abnormalities were observed depending on the population studied and on the country region 30, 31 . In the present study, the association of BP in childhood and adolescence with lipid variables in adulthood corroborated the literature. GH individuals showed a more unfavorable lipid profile than GN individuals, with higher mean Chol T, LDL-c, and TGL, although without statistically significant differences.
Apolipoproteins are protein molecules associated with lipids in the composition of lipoprotein particles and perform different and fundamental functions in the lipoprotein metabolism. The apo B/ apo A-1 ratio represents the balance between potentially atherogenic cholesterol particles (apo B) and anti-atherogenic cholesterol particles (apo A-1). It has been suggested that this ratio represents a better predictor of atherosclerotic disease than lipid and lipoprotein concentrations 17, 32 . The physiological function of Lp (a) is not fully understood. However, in observational studies, it has been associated with the atherosclerotic plaque formation and progression. As demonstrated in a study in which Lp (a) levels of 504 patients were determined immediately prior to coronary angiography, these levels were strongly associated with the presence and extent of CAD (p < 0.001) 33 .
An important evidence correlating apolipoproteins with classic cardiovascular RF such as HBP in young individuals is documented in a Bogalusa cohort analysis, in which children of parents who suffered infarction had higher apo B levels, lower apo A-1 levels, and higher apo B / apo A-1 ratio, even though their LDL and HDL cholesterol levels were within normal limits 34 .
In the present study population, Apo B100 levels were higher in GH, as well as the Apo B100 / Apo A1 ratio, thus suggesting a positive atherogenic balance in early adulthood in the group with higher blood pressure in childhood and adolescence. LP (a) concentrations, in turn, were not significantly different between the groups.
Many coronary events are known to occur in patients in whom the presence of traditional RF is not observed. A great advance in the knowledge of the atherosclerotic disease was achieved with the understanding that atherosclerosis is an inflammatory disease of the vessel wall 35 .
To date, studies involving cell adhesion molecules (E-selectin, ICAM-1 and VCAM-1) and C-reactive protein (hs-CRP), fibrinogen and endothelial dysfunction have proven important in population analyses, but not in individual terms, whether for the diagnosis, prognosis or treatment of cardiovascular diseases 36 . There are evidences that increased hs-CPR levels could predict further HBP in normotensive individuals, although it is still early to use it broadly with this objective in the daily clinical practice 36 . Several prospective cross-sectional studies have related high fibrinogen levels to CAD, even after correction for covariables 37, 38 . As demonstrated in a five-year follow-up of 2125 men, fibrinogen levels in the upper tercile of distribution were associated with a higher risk of CAD (adjusted RR of 2.5, 95% CI; p = 0.001) 39 .
Thus, currently, there has been growing interest in the study of the association between inflammation, traditional risk factors and atherosclerosis in children and adolescents, with the purpose of trying to identify the cardiovascular disease, at its early stages, as a higher potential for primary prevention 40 .
In the present cohort, although the concentrations of inflammatory markers and adhesion molecules studied had been higher in GH, these differences were not statistically different.
The major limitation of this study is the same experienced by several cohorts reported in the literature, and is related to the longitudinal character of the follow-up, which leads to progressive losses of part of the original sample.
We should point out that two groups were followed up separately: a group with normal, and a group with abnormal BP. Despite the reduction in the number of follow-up visits, the proportionality in each group was maintained in the several cross-sectional assessments made at different moments throughout 18 years. In addition, in the assessment made at adolescence (School phase of the second stage of the RJS), only data on weight, height, and blood pressure could be collected, given the epidemiological characteristic of this study phase, with the assessment of 3906 adolescents to obtain blood pressure curves by age and gender. Other clinical parameters were obtained only in later phases, when the assessments were made in an outpatient and hospital basis, and thus could not be observed throughout time.
Finally, we should point out that the population sample of the RJS is a non-hospital population, comprising the Brazilian cohort in this age range that has been followed up for the longest period to date.
Conclusion
The findings of the present study demonstrated a strong relationship between BP behavior in adolescence and BP, anthropometric and metabolic variables, but not inflammatory variables, in early adulthood, 18 years later, thus suggesting that primary prevention measures of cardiovascular RF should start early in life.
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